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In RAN1 #94, the following agreements on IAB node timing alignment were achieved [1].
	Agreements:
· At least Case #1 is supported for both access and backhaul link transmission timing. 
· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)



In RAN1 #94bis, the following agreements on IAB node timing alignment were further achieved [2].
	Agreements:
· For Timing and Synchronization
· For case #1 & case #7, if DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization
· Case #7 to be supported if and only if compatible with release 15 Ues
· Further check w.r.t. compatibility
· Support of case #6 is FFS
· No other cases are supported


In this contribution, we discuss some remaining issues on OTA synchronization and provide some further analyze on the timing alignment in Case #6 and Case #7. 
[bookmark: _Ref129681832]OTA synchronization
DL TX timing setting
As discussed in [3], TA/2 based OTA synchronization can achieve DL TX timing synchronization. Even different kinds of timing error are taken into account, 5 hops can be supported by the approach in FR2. 
When the DL TX and UL RX are well aligned at the parent node, TA/2 is equal to the propagation delay and the IAB node can set its DL TX timing before the DL Rx timing by TA/2 to achieve synchronized DL TX. However, the assumption of well alignment may not hold in practice. For example, as shown in Figure 1, in TDD systems, the well alignment at the parent node means that the switching gap of UL RX to DL TX is equal to TA_offset. However, the two values may not equal for many reasons, e.g., the TA updating command may not be sent by parent node promptly. It should be noted, an IAB node does not know whether the DL TX timing and UL RX timing are well aligned at its parent node. Therefore, the parent node needs to send additional information to assist the OTA synchronization.

Figure 1:  Aligned and misaligned DL TX and UL RX timing at parent node 
The simplest way to solve the problem is that the parent node send an offset, which is denoted by T0, to the IAB node, and IAB node sets its DL TX timing before the DL Rx timing by TA/2+T0. The IAB node does not need to know whether the alignment is achieved at the parent node, but just sets its DL TX timing according to the TA and T0. 
In conclusion, we have the following proposal:
Proposal 1: The IAB node should set its DL TX timing before the DL Rx timing by TA/2+T0, where both TA and T0 are signaled by its parent node explicitly.
It should be noted, the granularity of TA can impact the accuracy of OTA synchronization. If the additional offset is introduced, the granularity of the offset should be smaller than that of TA to achieve better performance. Therefore, we have the following proposal:
Proposal 2: To enhance the performance of OTA synchronization, the granularity of the timing offset should be smaller than the granularity of TA command.
DL TX timing maintenance
For IAB node, the timing offset between its DL Rx timing from the parent node and the DL TX timing to its child nodes is TA/2+T0 after the initial DL TX timing configuration. However, the practical timing offset will vary and may not be equal to TA/2+T0 due to the following reasons:
· IAB node local crystal oscillator drift
· Parent node changing due to route switching
For the first case, the configured TA value does not change while the IAB node finds that the timing offset between Rx and TX is not equal to TA/2+T0 anymore. In this case, it has to re-adjust its DL TX timing to align it to TA/2+T0, according to the initial DL TX configuration from its parent node. Mostly, the re-adjustment is an implement issue for IAB node, however, some requirements for the re-adjustment can be beneficial. For example, the maximum step of re-adjustment during a period should be specified to avoid unstable DL TX timing. The requirements can be specified just like the requirement for the autonomous time adjustment of the UE, which is captured in 38.133 [4].
Proposal 3: The IAB node should re-adjust its local DL TX timing in case of LO drift, and the requirements for the re-adjustment can be specified in WI phase.
For the second case. After route switching, the TA of IAB node is changed. Then, as shown in Figure 2, the IAB node has two options to maintain the DL TX timing:
· Option 1: IAB node maintains the DL TX timing from the previous parent node
· Option 2: IAB node reconfigures the DL TX timing from the new parent node
Due to the parent nodes are not ideal synchronized, the two options can lead to different DL TX timing. If the timing error between new parent node and previous parent node is rather small, either option 1 or option 2 can work since there is no much difference for the DL TX timing of the IAB node between these two options. However, if the timing error is large (these two parent nodes are not in the same route chain, and their timing reference comes from different donor nodes), option 1 has the advantage of avoiding impacts on access link. On the other hand, in some cases, the new parent node has more accurate timing, e.g., the hop order of the new parent node is smaller, and thus option 2 achieves better performance. Therefore, both of the two options can be supported, and which of them should be selected depends on the situation.

Figure 2:  Two options after route switching
To make the selection of the two options, the new parent node needs to know the DL TX timing difference between it and the IAB node. The IAB node can send the gap between the DL TX timing and DL RX timing, denoted by Δ, to the new parent node, where the DL TX timing is obtained from the old parent node and the DL RX timing is obtained from the new parent node. After that, the new parent node can make the selection based on the difference betweenΔ and the propagation delay, where the propagation delay is estimated by the new parent node.
Proposal 4: When route switching occurs, two options of DL TX timing maintenance for IAB node should be supported: 
· Option 1: IAB node maintains the DL TX timing from the previous parent node
· Option 2: IAB node reconfigures the DL TX timing from the new parent node
To assist the selection of the above options, the IAB node should send the gap between the DL TX timing and DL RX timing to the new parent node.
Timing alignment
In RAN1 #94bis, it was agreed to support Case #7 given the condition that it is proven to be compatible with Rel-15 UEs. The support of Case #6 is FFS. In this section, we provide some further analyze on Cases #6 and Case #7.
On timing alignment in Case #6
For Case #6, as shown in Figure 3, the DL transmission timing of an IAB node is aligned with the DL transmission timing of its parent node, and the UL transmission timing of the IAB node is aligned with the DL transmission timing of IAB node’s DU.
It should be emphasized, the main target of Case #6 is to achieve TX alignment at the IAB node. For the IAB node, since the UL transmission timing of its MT is aligned with the DL transmission of its DU, Case #6 is easy to implement. And the switching from normal DL transmission of DU to the UL transmission of MT under Case #6 can be seamless, which does not result in symbol puncturing or resource wasting.
[image: ] 
Figure 3:  UL and DL transmission timing is aligned at IAB node in Case #6
During the last meeting, there are two main concerns about Case #6:
· The first concern is that the UL TX timing of IAB node is not controlled by the parent node.
· The second concern is that Case #6 cannot be used when the parent node is trying to schedule multiple child nodes which have different propagation delays to the parent node, or the parent node is trying to schedule multiple UEs simultaneously.
Regarding the first comment, it should be noted that Case #6 is only applicable if the parent node decides to enable SDM Tx at the IAB node. Essentially, there will be two UL Tx timings at the IAB node: one is the normal UL Tx timing which ensures UL Rx alignment for the child links at the parent node; the other one is new UL Tx timing which enables simultaneous Tx at the IAB node. The parent node is in full control which UL Tx timing should be used by the IAB node. 
The second concern can also be solved by the implementation of parent node. An example of IAB network is shown in Figure 4, the IAB node has a parent node and multiple child IAB nodes. The IAB node can schedule multiple child IAB nodes using Case #6 if their propagation delays are similar, meanwhile, the child nodes can transmit DL signals to UEs. In typical deployment scenarios, the ISDs between the IAB nodes can be close, and thus it is not difficult to select multiple child IAB nodes with similar propagation delays.
Indeed, the IAB node may not be able to receive uplink signals from UEs simultaneously, but as emphasized before, the main target of Case #6 is to achieve TX alignment, and thus the IAB node can schedule the child IAB node using Case #6 when it does not need to schedule UEs, e.g., when the uplink traffic of the IAB node is not very busy.
 
Figure 4: Network with multiple IAB nodes
In conclusion, we have the following proposal:
Proposal 5: Case #6 should be supported to achieve transmission timing alignment between MT and DU.
On timing alignment in Case #7
In Case #7, the UL reception timing of an IAB node is aligned with the IAB node’s DL reception timing. However, as shown in Figure 5, if slot-level alignment is required, the UL receiving timing of IAB node lags behind the DL transmission timing, which violates the current specification. To solve the problem, the following two options can be considered:
· Option 1: IAB node signals a negative TA to the UE/child node.
· Option 2: The uplink receiving timing can be offset with the downlink receiving timing by an integer number of symbols, which is shown in Figure 7.
[image: ]
Figure 5: UL and DL reception timing is aligned at IAB node in Case #7 (option 1)
In RAN1 #94bis, it was agreed to further check the compatibility with Rel-15 UEs in Case #7. First of all, TDM is the simplest way to achieve backward compatibility, i.e. Rel-15 UEs are not scheduled in the slot if simultaneous Rx in Case #7 is enabled by the parent node. This is essentially similar to keep backward compatibility with LTE Rel-8 UE when CSI-RS is introduced in LTE Rel-10. From this perspective, there is no backward compatibility issue in Case #7. 
Observation 1: TDM is the simplest way to achieve backward compatibility with Rel-15 UEs in Case #7.
In the following, we provide some further analysis on the feasibility of scheduling a Rel-15 UE in the same slot when simultaneous reception in Case #7 is enabled in the same slot. Since Rel-15 UE does not support negative TA as in option 1, we focus on the feasibility of option 2. 

Figure 6:  IAB DU UL reception timing for Case #1 and Case #7 (option 2)
As shown in Figure 6, for Case #7, the UL reception timing is advanced to Case #1 DL transmission timing by Tsym-Tp, where Tsym is the length of an OFDM symbol and Tp is the propagation delay. For Case #7，the UL reception timing is advanced to DL transmission timing by TA_offset. The possible values of the parameters are summarized in Table 1.
Table 1. The values of multiple parameters
	SCS
	Symbol duration
	TA_offset
	Initial TA
	TA command

	15 KHz
	72µs
	13µs
	0µs to 2000µs 
	-16µs to 16µs

	30 KHz
	36µs
	13µs
	0µs to 1000µs
	-8µs to 8µs

	60 KHz
	18µs
	7µs
	0µs to 500µs
	-4µs to 4µs

	120 KHz
	9µs
	7µs
	0µs to 250µs
	-2µs to 2µs



Then, we display the reception timing difference between Case #1 and Case #7 based on the following assumptions. Both FR1 and FR2 are considered, for FR1, we assume the distance between the IAB node and parent node is about 900 meters, and for FR2, we assume the distance between the IAB node and parent node is about 300 meters. Therefore, the propagation delays are 3µs and 1µs, respectively. From the assumptions and Table 1, Table 2 can be obtained.
Table 2. The reception timing difference between Case #1 and Case #7
	SCS
	Symbol duration
	Timing difference
	Initial TA
	TA command

	15 KHz
	72µs
	56µs
	0µs to 2000µs 
	-16µs to 16µs

	30 KHz
	36µs
	20µs
	0µs to 1000µs
	-8µs to 8µs

	60 KHz
	18µs
	10µs
	0µs to 500µs
	-4µs to 4µs

	120 KHz
	9µs
	1µs
	0µs to 250µs
	-2µs to 2µs



It can be concluded from Table 2 that the reception timing differences between Case #1 and Case #7 are much smaller than the maximum values of initial TA configuration for all the SCSs. Therefore, the IAB node can implement Case #7 by configuring a larger TA to its UEs.
It also can concluded from Table 2 that the reception timing differences between Case #1 and Case #7 are smaller than symbol durations for all the SCSs. Therefore, when Case #7 is adopted by the IAB node, puncturing a single additional uplink symbol is sufficient for DL to UL switching gap.
Therefore, we have the following observation and proposal:
Observation 2: By introducing symbol shift, Case #7 can be compatible with Rel-15 UEs.
Proposal 6: Case #7 should be supported to achieve reception timing alignment between MT and DU.
Conclusions
 In this contribution, we discuss the synchronization and timing alignment for IAB. Based on the discussion, we have the following observations and proposals
Observation 1: TDM is the simplest way to achieve backward compatibility with Rel-15 UEs in Case #7.
Observation 2: By introducing symbol shift, Case #7 can be compatible with Rel-15 UEs.
Proposal 1: The IAB node should set its DL TX timing before the DL Rx timing by TA/2+T0, where both TA and T0 are signaled by its parent node explicitly.
Proposal 2: To enhance the performance of OTA synchronization, the granularity of the timing offset should be smaller than the granularity of TA command.
Proposal 3: The IAB node should re-adjust its local DL TX timing in case of LO drift, and the requirements for the re-adjustment can be specified in WI phase.
Proposal 4: When route switching occurs, two options of DL TX timing maintenance for IAB node should be supported: 
· Option 1: IAB node maintains the DL TX timing from the previous parent node
· Option 2: IAB node reconfigures the DL TX timing from the new parent node
To assist the selection of the above options, the IAB node should send the gap between the DL TX timing and DL RX timing to the new parent node.
Proposal 5: Case #6 should be supported to achieve transmission timing alignment between MT and DU.
Proposal 6: Case #7 should be supported to achieve reception timing alignment between MT and DU.
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